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ABSTRACT 
Studies on the economics of trickling 
biological periwinkle shells filter for closed 
recirculating catfish system was carried out 
at the University of Science and Technology, 
Port Harcourt, Nigeria for 12 weeks. The 
periwinkle shells biofilter and other 
recirculating aquaculture system (RAS) 
components were designed and set up for a 
pilot catfish production using Clarias 
gariepinus juveniles at the stocking density of 
400 fish/m
3
. Using fish holding tank volume 
of 0.21m
3
, biofilter volume of 1m
3
, 
sedimentation tank volume and flow rate of 
4.20m
3 
and 0.78m
3
/hr respectively, lift pump 
flow rate of 2.10m
3
/hr, and an annual 
production of 3 tons of catfish, a record of all 
financial expenditures was kept. The 
financial analyses of the system with 
periwinkle shells filter and that of imported 
plastic filter block of same size were 
prepared. The discounted cash flow 
projections for the two systems were also 
prepared. From the discounted cash flows, 
the economic viability indices for the two 
systems were computed. The economic 
analysis compared the profitability index of 
1.45 and the payback period of 2.50 years for 
the system with periwinkle shells filter to the 
profitability index of 0.60 and payback 
period of 5.90 years for the imported plastic 
filter block, and concluded that the system 
with periwinkle shell filter was cheaper and 
more cost effective. 
 
Keywords: Economics, periwinkle shells, 
biofilter, recirculating 
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INTRODUCTION 
Recirculating aquaculture systems (RAS) for 
holding and growing fish have been used by 
fisheries researchers for more than three 
decades (Masser et al., 1999). However, RAS 
is just beginning to gain popularity in Nigeria 
as nearly all the systems presently installed in 
Nigeria were designed and constructed 
abroad, and imported into Nigeria at huge 
foreign exchange cost. Only sketchy 
information is available on the use of local 
materials such as oyster shells, plastic egg 
cartons, nylon netting, corrugated fibre glass 
panels and sponge foam pads as biofilter 
media in recirculating system in Nigeria (The 
Open University, 1985; Lorsodo et al., 1998; 
Lorsodo et al., 1999; McGee and Cichra 
2000; Cline, 2005; BTF, 2005;). However, no 
information on periwinkle shells biofilter 
medium has been reported.  It is against this 
background that studies on the design, 
efficiency and economics of recirculating 
aquaculture system using periwinkle shells as 
biofilter medium was carried out at the 
University of Science and Technology, Port 
Harcourt for 12 weeks.  
A well-designed recirculating aquaculture 
system (RAS) (using local materials) offers a 
number of advantages over imported types 
(Dunning et al., 1998). The use of local 
materials will relieve pressure on foreign 
exchange demand, domesticate the 
technology of RAS design and promote 
import substitution, local content initiative 
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and food security policies of the Nigerian 
government. In this paper, data are given 
pertinent to economics of trickling biological 
periwinkle shells filter for closed 
recirculating catfish systems in comparison 
with imported plastic biofilter media.  It is 
hoped that this information will provide 
baseline data for similar studies on other 
potential natural filter media in Nigeria and 
elsewhere.  
 
MATERIALS AND METHODS 
According to McGee and Cichra (2000), a 
biofilter of volume 1m
3
 supports 1 ton of fish 
(stocking rate: 400 fish /m
3
) in about four 
months production cycle, giving 3 tons of 
fish per annum. This formed the basis of the 
economic analyses of the pilot fish 
production using the periwinkle shells 
biofilter medium in comparison with the 
imported plastic filter medium.     
 
 
Pilot Fish Production 
Two tank cultivation units of same 
volumetric capacity, 0.21 m
3
 were set up, 
The first was a recirculating system with a 
vertical flow trickling biological periwinkle 
shell filter with recirculating rate of 10 times 
per hour, make up water of 10% per day, 
sedimentation tank fitted with settling plates 
inclined at 60°, baffle and weir, and pump 
tank fitted with a 0.50hp lift pump. The 
second was similar to the first except that 
imported plastic biofilter of same size was 
installed. Each tank was stocked with 400 
juveniles of Clarias gariepinus (Burchell, 
1822) of initial average total length (TL) of 
25.91 + 3.09 cm and average weight (WT) of 
162 + 88.58 g. The stocked fish was fed with 
4.5 mm Coppens feed of 42% CP twice daily 
at 3% of fish body weight. Fish growth 
monitoring was carried out every 4 weeks 
while water quality monitoring was carried 
out every day using La Motte  freshwater 
aquaculture water quality test kit model AQ-
2, code 3633-03. 
 
Financial Analysis  
A record of all financial expenditure was 
kept. Financial analysis for annual production 
of 3 tons of fish using the periwinkle shell 
and imported plastic biofilter were prepared 
including capital costs, operating costs and 
projected revenues. The following tables 
were also prepared: loan amortization, 
maintenance expenses, statement of cost of 
sales, fixed assets and depreciation, projected 
profit and loss, discounted cash flow 
projection, projected balance sheet, in that 
order. Uzukwu (1996) provided details on 
preparation of these tables.  From the 
discounted cash flows, the profitability 
indices and the pay- back periods for the 
projects using the periwinkle shells and 
imported plastic filter media were computed 
as follows: 
  
 
Profitability Index  
The profitability index (PI) was determined following the method of Uzukwu (1996):  
 
CP
r
NCF
lowsCashofNPVpI
n
/
1
inf
)(
1
1
 
  
Where: PI  = Profitability index 
NCFt   = Net cash flow in year t; 
r  = the discount rate; 
NPV  = Net present value of cash inflow 
n  = the terminal year of cash inflows 
CP  = the cost of project. 
 
Based on the interest rate of 12%, the profitability index (PI) for the project using periwinkle shell 
filter medium was computed using: 
n = 5, CP = N1, 687,000, r = 12%, NFCs are in Table 2. 
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Similarly, the PI for the project using the imported plastic filter medium was computed as follows: 
n = 5, CP = N2, 339,000, r =12%, NCFs are in Table 3. 
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Pay-Back Period 
Pay-back periods for the projects using periwinkle shell and imported plastic filter media were 
calculated as follows: 
A
T
P   
Where: 
 P  = pay-back period (yr) 
 T = total investment 
 A = Average annual net cash flow 
For the periwinkle shell filter medium the pay-back period was computed as follows: 
 
5
324,682402,684582,676665750
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For the imported plastic filter medium the pay-back period was computed as follows: 
 
   
 
5
348,429176,422579,402658,377992,6338
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RESULTS        
The capital costs for the projects are 
summarized in Table 1 while the operating 
expenses are shown in Tables 2 and 3. 
Results of the economic analysis of the 
recirculating aquaculture system (RAS) using 
the periwinkle shells filter medium are shown 
in Tables 4 and 5. The local periwinkle shells 
biofilter medium had an annual total cost of 
N2,365, 429, projected annual revenue of 
N1,575,000, mean annual net cash flow of 
N679,389, profitability index of 1.45, and 
pay back period of 2.50   years. On the other 
hand, RAS of same capacity using imported 
plastic biofilter medium had total cost of 
N3,504,583, projected annual revenue of N1, 
575,000, mean annual net cast flow of only 
N394, 151, profitability index of 0.60, and 
payback period of 5.90 years. 
 
DISCUSSION         
The capital cost of the system with imported 
plastic filter material was higher than that 
with periwinkle shells filter by 28%. This 
may be attributed to the import duties, and 
other charges associated with importation of 
goods into Nigeria. Also the higher value of 
the mean operating cost for the system with 
imported plastic filter medium compared to 
the periwinkle shells filter is related to the 
higher expenses incurred in servicing the 
increased capital cost (loan amortization and 
loan interest). The differences in the other 
economic indices –mean annual net cash 
flow, profitability index, payback period-are 
also related to the higher cost of the imported 
plastic filter medium compared to the 
periwinkle shells filter. The foregoing 
economic analysis of RAS using periwinkle 
shells biofilter medium suggests that it is 
more cost effective and, therefore has the 
potential to significantly reduce cost of fish 
production over and above RAS with 
imported biofilter medium. At the same time 
it will conserve Nigeria’s much needed 
foreign exchange, domesticate the technology 
of RAS design and promote the policies of 
import substitution, local content initiative 
and food fish security of Nigeria. This is 
based on the value of its profitability index 
(PI) of 1.45 compared to 0.60 for the 
imported plastic biofilter medium. According 
to Uzukwu (1996) if the value of P.I. of a 
project is equal or greater than unity (1.00), 
then it is profitable. Furthermore, the 
payback period of RAS with periwinkle 
shells biofilter medium was shorter (2.50 
years) compared to 5.90 years for the 
imported plastic biofilter medium. The gap 
between the demand and supply of fish and 
fishery products in Nigeria is still wide – 
about 900,000 million metric tons annually 
(Anyanwu, 2006). This is a threat to food 
security in Nigeria. Given that future 
development of traditional aquaculture (static 
pond system) will be severally constrained by 
availability of water, land, security and 
environmental concerns especially in the 
Niger Delta region of Nigeria, results from 
this study suggests that other fish culture 
systems such as recirculating system using 
cost effective local materials should be fully 
explored.                         
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Table 1: Financial structure for the projects using periwinkle shell and imported plastic filter media 
Items of cost          Term loan 
 
Equity Total Investment 
 Local Imported Local Imported Local imported 
Land - - 350,000 350,000 350,000 350,000 
 Farm shed construction 140,000 140,000 - - 140,000 140,000 
WRS equipment  134,000 668,000 - - 139,000 668,000 
Pumps 12,000 12,000 - - 12,000 12,000 
Plumbing works - - 50,000 50,000 50,000 50,000 
Generator 123,000 123,000 - - 123,000 123,000 
UV light 7,000 7,000 - - 7,000 7,000 
Transportations 10,000 10,000 - - 10,000 80,000 
Farm tools etc. 30,000 30,000 - - 30,000 30,000 
Borehole 300,000 300,000 - - 3000,000 300,000 
Pre-operational expenses 75,000 75,000 - - 75,000 75,000 
Contingencies at 10% 115,000 168,000 - - 115,000 168,000 
Working capital 336,000 336,000 - - 336,000 336,000 
Total  1,287,000 1,939,000 400,000 400,000 1,687,000 2,339,000 
 
 
Table 2: The discounted cash flow projections for the project using  periwinkle shell  filter medium 
                                       Years  
Items 0 1 2 3 4 5 
RECEIPTS OF FUND N N N N N N 
Sales of fish - 1,575,000 1,575,000 1,575,000 1,575,000 1,575,000 
Loan 1,287,000 - - - - - 
Equity 400,000 - - - - - 
Total receipts 1,687,000 1,575,000 1,575,000 1,575,000 1,575,000 1,575,000 
USE OF FUNDS       
Capital expenses 1,687,000 - - - - - 
OPERATION EXPENSES       
Staff Salaries - 240,000 264,000 290,000 319,440 351,384 
Loan Amortization - 257,400 257,400 257,400 257,400 257,400 
Interest - 193,050 154,440 115,830 77,220 38,610 
Depreciation - 71,900 64,935 58,685 53,072 48,087 
Administration  - 24,000 26,400 29,040 31,944 35,138 
Maintenance - 64,400 70,840 77,924 85.716 94,288 
Sub-total 
Profit Tax 
1,687,000 
- 
850,750 
58,493 
838,015 
60,403 
828,879 
61,713 
824,792 
62,386 
824,907 
67,769 
Total-out-flow 1,687,000 909,243 898,418 890,592 887,178 892,676 
Net Cash Flow - 665,750 676,582 684,408 687,822 682,324 
Operating Balance - - 665,750 1,342,332 1,410,772 2,098,594 
Closing balance - 665,750 1,342,332 1,410,772 2,098,594 2,780,918 
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Table 3: The discounted cash flow  projections for the project using imported plastic filter medium 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4: Comparison of the cash flows of the projects using periwinkle shell filter and imported plastic filter media. 
 
t (years       Net Cash flows (NCF) of Projects 
                  Local filter material 
 
Imported filter material 
1 665,750  358,992 
2 676,582  377,658 
3 684,408  402,579 
4 687,822  422,176 
5 682,324  429,348 
 679,389.20  394,150.60 
 
 
 
                                       Years  
Items 0 1 2 3 4 5 
 N N N N N N 
RECEIPTS OF FUND       
Sales of fish - 1,575,000 1,575,000 1,575,000 1,575,000 1,575,000 
Loan 1,939,000 - - - - - 
Equity 400,000 - - - - - 
TOTAL RECEIPTS 2,339,000 2,339,000 2,339,000 2,339,000 2,339,000 2,339,000 
USE OF FUNDS       
Capital expenses 2,339,000 - - - - - 
OPERATION EXPENSES       
Staff Salaries - 240,000 264,000 290,400 319,440 351,384 
Interest on Loan  - 290,850 232,680 174,570 116,340 58,170 
Loan Amortization - 387,800 387,800 387,800 387,800 387,800 
Depreciation - 145,000 142,410 128,882 116,749 114,846 
Maintenance expense - 124,000 136,000 149,740 165,044 181,550 
Administrative expense - 24,000 26,000 29,040 31,944 35,138 
Sub-total profit tax 2,339,000 
- 
1,211,650 
4,358 
1,189,690 
7,652 
1,160,372 
12,049 
1,137,317 
15,507 
1,128,888 
16,772 
Total out flow 2,3339,000 1,216,008 1,197,342 1,172,421 1,152,824 1,145,660 
Net cash flow - 358,992 377,658 402,579 422,176 429,348 
Operating balance - - 358,992 736,650 1,139,229 1,561,405 
Closing balance - 358,992 736650 1,139,229 1,561,405 1,990,753 
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Table 5: Comparison of the economic indices of the periwinkle shell and imported plastic filter  media 
Economic indices Periwinkle shell filter  Imported plastic filter  
Capacity 3 tons/year 3 tons/ Year 
Capital cost N1,687,000 2,339,000 
Mean operating cost N 678,429 1,165,584 
Total cost 2,665,429 3,504,583 
Annual projected revenue 1,575,000 1,575,000 
Mean annual net Cash flow 679,389 394,151 
Profitability index (PI) 1.45 0.60 
Payback period (yrs) 2.5 5.90 
 
 
 
 
